T h e authors, having recently had occasion to estimate carefully the specific heat of mixtures of alcohol and water, came in the course of these experiments to the unex pected result that the specific heat of such mixtures, up to an alcoholic strength of about 36 per cent., is sensibly higher than the specific heat of water itself. These expe riments, to the best of their knowledge, furnish the first example of a liquid having a higher specific heat than water, which has always been considered to possess the highest specific heat of any substance solid or liquid. They therefore beg leave to lay their results before the Royal Society. Two methods were employed for the estimation of the specific heat. The first method, and the one chiefly used, consisted in heating a metallic weight to a certain tempera ture, and then plunging it into the liquid whose specific heat was to be estim ated; the rise in tem perature thus produced in different liquids will, after the necessary corrections, be inversely proportional to the specific heat of these liquids.
g n a u l t in his researches on the specific heat of solids-steam, or the vapour of boiling alcohol being employed for heating them.
The liquid whose specific heat is to be estimated is carefully measured in a narrow necked flask, and poured into a calorimeter of very thin polished brass, supported on 4 k 2 stretched silk cords and surrounded by a double cylinder of tin plate, to prevent as far as possible any gain or loss by radiation. A thermometer, divided into tenths of a degree Centigrade, allowing of a degree to be read, was used to indicate the temperature of the steam-oven.
Two thermometers were employed to indicate the temperature of the calorimeter,-one having a range from 10° to 20° C., and divided into twentieths of a degree Centigrade, allowing -^o °f a degree to be read off by means of a telescope; the other had a range from 16° to 21°'5 C., divided into fiftieths of a degree C. and allowing of a degree to be read off.
The bulbs of both these thermometers were thin, and of such a length as to pass through nearly the entire depth of liquid contained in the calorimeter. A thermometer similar to the two last was employed to take the temperature of the air. All the thermometers were carefully compared with a standard, as well as calibrated by thread measurements.
The experiments are conducted as follows. As soon as the temperature of the steamoven remains constant for at least ten or fifteen minutes, it is read off; a measured quantity of the liquid, cooled a few degrees below the temperature of the room, is poured into the calorimeter, and its temperature, after thorough mixture, read off by means of a telescope. On a given signal, one assistant pushes the calorimeter under neath the steam-oven; a second then, opening the slide-valve, lets down the weight which is detached from the string, and the calorimeter is brought back into its first position. The weight, which has of course been kept underneath the surface of the liquid after leaving the steam-oven, and has not been allowed to touch the sides or bottom of the brass vessel, is now hooked to a strand of worsted, previously twisted; on allowing this to untwist a rapid rotation of the weight ensues, and consequently a thorough mixture of the liquid by the fan-wheel*. The whole of these movements occupy from fifteen to twenty-five seconds.
The elevation of the temperature of the calorimeter is observed, which usually reaches a maximum one minute after the introduction of the brass weight, whilst with the copper weight a minute and a half elapsed before this was effected.
As soon as the temperature has attained its greatest elevation and the thermometer begins to sink, the time is noted; and in half a minute with the brass weight, or three quarters of a minute with the copper weight, the temperature is again read off; the fall of temperature during this interval is added, as a correction, to the highest temperature observed, as representing the loss due to radiation. This correction usually amounts only to a few hundredths of a degree.
*■ As a mean of several experiments, it was found that a rapid rotation of the weight during five minutes produced a rise in the temperature of the water in the calorimeter of 0°-005 C. In the course of an experi ment on the specific heat of a mixture, the time during which the weight rotated at the above speed always fell short of one minute, consequently the effect thereby produced on the temperature of the calorimeter is somewhat less than 0°-001 C. The heat thus produced is moreover a nearly constant quantity, affecting all experiments alike, so that its ultimate influence on the specific heat of the various mixtures is reduced to an almost infinitesimal fraction; it has therefore been neglected throughout the calculations.
T he following Tables give the results of the experiments.
f denotes tem perature of air. T denotes tem perature of the steam-oven and consequently of the weight. t denotes temperature of calorimeter at beginning. H denotes tem perature of calorimeter at end. v denotes loss of tem perature during 30s or 45s. e denotes total corrected rise in tem perature. N denotes the number of degrees expended by the heated weight in raising the liquid in the calorimeter one degree, the heat expended in raising the tem perature of the calorimeter and immersed part of thermometer having been previously deducted. This figure, N, will therefore be directly proportional to the specific heat of the various liquids used, supposing equal weights taken in each case. At first the authors were inclined to attribute the high specific heat observed in the weaker spirits to evaporation, which, if it took place to any extent, would, of course, make the specific heat appear higher than it really is.
To test this point, they undertook some experiments in which the weight of the calo rimeter with its liquid contents was carefully taken before and after the experiments, so that if any loss took place by evaporation it might become apparent, th e following results were obtained.
First, with distilled water, twelve minutes intervened between the first weighing of the calorimeter before the experiment and the second weighing after the experiment.
First experiment, loss observed during the experiment . . 0T6 grm. Second experiment, loss observed during the experiment . . 0*125 grm.
On allowing the calorimeter to stand exposed to the air for twelve minutes, a loss of 0*17 grm. in the first case, and 0*12 grm. in the second, took place, due to spontaneous evaporation. Thus the loss which could fairly be ascribed to evaporation produced by the introduction of the heated weight is quite inappreciable. Two similar experiments, made with 10 per cent, spirit, gave respectively 0*25 grm. and 0*20 grm. loss in the twelve minutes during which the experiment was made, and a loss of 0*21 and 0*21 grm. during the twelve succeeding minutes, when the calorimeter was allowed to stand ex posed to the air, showing an evaporation of 0*04 grm and 0*00 grm. respectively, due to the introduction of the heated weight, a quantity which will not account for one-tenth of the effect observed.
Four experiments were then made in which the copper ring, instead of being heated to about 97 C., was heated to about 42° C .; the results are given in the' following Table.   Table IV Mean value of N 7*739. Specific heat of 10 per cent, spirit 103*83.
I t will be seen that the specific heat of the 10 per cent, spirit, deduced from these experiments, is as much above that of water as in the former experiments. To explain the results obtained in both cases as an effect of evaporation, we must make the very improbable hypothesis th at the amount of liquid which evaporates during the intro duction of a heated metallic body into a liquid is exactly proportional to the tempera ture of the body, whether it be heated to the boiling-point of the liquid or be consider ably below it-an assumption obviously untenable.
Apart, however, from these experimental data, a little consideration will show th at the effect observed is not due to evaporation.
The evaporation, if any, which affects the result must take place during the moment when the weight is in the act of entering the fluid; when once fairly underneath the surface, the large mass of cold liquid prevents the superheating of any part of it, whilst the effect produced by any evaporation taking place from the surface of the liquid spon taneously, is already provided for in the correction obtained by observing the fall in temperature for some time after the tem perature of the calorimeter has reached its maximum.
The amount of evaporation, then, not included in this correction will depend, in the first place, on the tem perature of the heated metal, which, being nearly the same in all the experiments, affects all alike ; secondly, upon the time which the weight takes in actually entering the fluid, which is also alike in all the experiments, and is but a small fraction of a second; and lastly, all other circumstances being the same, this evaporation will t}e proportional to the surface of the heated body submerged. From the dimen sions of the two weights, which have been previously given, the total surface of each, including the fan-wheel, can be calculated. I t amounts to 182*4 square centimetres in the case of the copper ring, and 153*1 square centimetres in the case of the brass ring. The former weighs 614*49 grms., the latter 246*49 grms. The proportion of surface to weight is thus twice and *1 as great in the brass weight as in the copper w eight; in other words, the evaporation from the surface of the brass weight (153*1 square centi metres) will have twice and *1 as much effect on its tem perature as the evaporation from the surface of the copper weight (182*1 square centimetres) has on its tem perature; yet the results obtained with the two weights are almost identical.
A series of experiments has nevertheless been undertaken, in which the specific heat of the 10 per cent, and 20 per cent, spirit was estimated, by observing the heating-effect of a known weight of either liquid, heated to a known temperature, upon a known weight of distilled water contained in a calorimeter. The liquid was at first enclosed in a thin glass bulb, which was heated with its contents to the desired point, by being immersed in a mercury-bath as recommended by Professor K opp. The results, though generally con firming the previous experiments, did not agree among themselves as well as could be wished. This seemed chiefly owing to the fact that a globular body, having the greatest cubical capacity for a given surface, is not well adapted for the rapid cooling of its con tents. In consequence of this, when about 50 cub. centims. of liquid were employed,
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from fifteen to twenty minutes were required to bring the temperature of the calori meter to a maximum, or rather to the point whence the temperature began to sink; for the calorimeter frequently remained stationary at its maximum temperature for five or six minutes. On this account the correction applied amounted to a considerable frac tion of the total rise observed, and great uncertainty was thereby introduced.
Having observed the beneficial effect, as regards rapidity of cooling, produced by the ring-shaped form of the weights, a holloi vv essel of a similar thin brass, the liquid being contained in the annular space between the two sides. The external diameter of this annular vessel was about 60 millims., its internal diameter 40 millims., its height 70 millims. The annular space containing the liquid was thus about 10 millims. broad, and its capacity about 99 cub. centims.
The liquid was introduced by means of two openings at the upper part, which could be closed by small taps. The total weight of the vessel amounted to 49*66 grms.
The weight of water contained in the calorimeter, together with a weight of water equivalent, as regards the specific heat, to the vessel itself, stirrer, and immersed part of thermometer, amounted to 1165*905 grm s.; and, as a mean of several concordant results, it was found that for every degree Centigrade lost by the empty annular vessel, the calorimeter and its contents gained 0°*004 C.
The annular vessel, after being filled with the liquid to be examined, was heated to the desired temperature in an oven, similar to the one used in the previous experiments, except that warm water instead of steam was used. By a simple arrangement the tem perature of the water could be kept constant, whilst an effective stirrer preserved a uniform temperature in every part.
W hen the annular vessel, thus heated, was introduced into the calorimeter, the latter reached the maximum elevation of its temperature in five minutes, and did not remain stationary, but began to fall at once. The annular vessel was then taken out, the tem perature of the calorimeter again read off at the end of three minutes, and the loss in temperature added to the highest temperature previously observed. During the whole of the experiment, the water in the calorimeter was kept thoroughly mixed by means of a stirrer. In all other respects the experiments were conducted as usual. The results are given in Table V .; they agree very well with those obtained in previous experiments; m denotes the quantity of liquid heated, in grammes. Mean specific heat of distilled water 100*61. In the following experiments, however, which were made under similar conditions, the specific heat of water is assumed to be 100*00.
b. Spirit 10 per cent. Sp. gravity 0*9814.
Experiment.
m. V. Mean specific heat of 20 per cent, spirit found 105*13; or, assuming water to be 100*00, specific heat of 20 per cent, spirit will be 104*49.
T.
After the foregoing experiments had been concluded, it was found that a somewhat similar series of experiments on the specific heat of mixtures of alcohol and water had been made by A. Schnidaritsch in the year 1 8 5 9 , and published in Wien. Akad. Ber. vol. xxxviii. p. 39, and K opp and W ill, Jahrb. 18 5 9 , p. 440. Schnidaritsch gives the specific heat of mixtures, from 10 per cent, to 10 per cent, by volume, from water to absolute alcohol; his results, however, differ considerably from those given in this paper. From the latter it appears that the specific heat of such alcoholic mixtures, up to a strength of 36 per cent, of alcohol, is above that of water; according to Schnidabitsch the specific heat of all is below that of water. In fact the specific heat obtained by him for mix tures, up to an alcoholic strength of 60 per cent., is below that obtained in the present series of experiments, whilst for all stronger mixtures and absolute alcohol his results are higher.
Schnidaritsch's paper, though of some length, does not give the requisite data to check the results obtained by him, inasmuch as the correction applied in each case is not given. In his statement, however, as to how the corrections were made, there is an obvious error, as he uses Kegnault's formula for the amount of cooling observed in his (Kegnault's) calorimeter, though his (Schnidaritsch's) calorimeter is of different shape and one-fourth of the size. Any correction thus calculated which Sch applied to his experiments will be obviously too small. Moreover Schnidaritsch has experimented with but comparatively small quantities, about 10 grms. of spirit enclosed in a glass tube, whilst his calorimeter only contained 100 cub. centims.
Lastly, the thermometer employed to take the temperature of the calorimeter could only be read to of a degree, which is rather too large a fraction of the total rise observed.
His method of heating the glass tube and contents seems rather objectionable; and although the same glass tube and the same portion of the mixture, hermetically sealed in the glass tube, were used by him throughout the series of experiments on that mixture, yet the results obtained do not agree very w ell; with the 20 per cent, spirit there is a difference of nearly 3 per cent.
The authors nevertheless thought it advisable to repeat some of the experiments on the 20 per cent, spirit, estimating its specific heat between the same limits as those used by Schnidaritsch . Instead of using a glass tube they employed an annular vessel (similar to the one previously described, but smaller and made of thinner brass) to enclose the spirit to be heated. This heating was effected in the same apparatus as that employed to heat the metallic weights, but the vapour of boiling alcohol was used instead of steam. In all other respects the experiments were conducted as usual.
The results of these experiments are given in Table VI . The letters have the same signification as in previous Tables. Table VI . Mean specific heat 104*570.
Relying on these experiments and the considerations above mentioned, the authors have no hesitation in saying that some undetected error must have vitiated the elaborate research of Schnidaritsch.
Lastly, a few experiments have been made in which the copper weight, instead of being heated, was cooled to zero Centigrade, by enclosing it in a well-fitting metal box of very thin brass, the whole being placed in a vessel filled with small fragments of ice. In about two hours the lid of the box was taken off and the copper weight rapidly trans ferred to the calorimeter, which had been previously filled with liquid. The lowering 'o f temperature produced is inversely proportional to the specific heat of the liquid in the calorimeter. All evaporation which the introduction of a heated body could produce is thus entirely avoided.
Weight of copper gilt ring 614*49 grms. Amount of liquid in calorimeter 859*3 cub. centims.
Copper value of calorimeter and therm ometer 58*70 grms.
a. Distilled water.
In three experiments the value of N was 15*450, 15*510, and 15*901. Mean 15*62*.
b. 20 per cent, spirit.
In three experiments the value of N was 16*549, 16*112, and 16*365. Mean 16*342. Specific heat of 20 per cent, spirit 104*62. The temperature of calorimeter at beginning was about 19° C. The weight produced a depression of about 1°T5 C. The results of these experiments do not agree among themselves as well as those ob tained in previous experiments, chiefly from the tem perature of the cooled weight not being ascertained, but being assumed to be zero Centigrade in each case.
The following Table (Table V II.) gives the mean result of all the foregoing experi ments, the theoretical specific heat of each m ixture being given as calculated from the proportions of alcohol and water present in each mixture. The amount of heat produced by mixing alcohol and water in various proportions was estimated as follows:-
The liquid which formed the smallest portion of any given mixture was enclosed in a very thin glass bulb with a long narrow stem, the bulb and contents being carefully weighed.
The necessary quantity of the other liquid was then weighed out in a small calori meter, made of very thin polished brass; into this calorimeter, supported as usual on stretched silk cords, surrounded by a cylinder of tin plate, and with a delicate thermo meter immersed in the liquid, the glass bulb with its contents was introduced, and allowed to remain for ten minutes, the bulb itself being used to stir the liquid. At the end of that time the temperature of the calorimeter was observed; the glass bulb was then raised partly above the surface of the liquid in the calorimeter, broken by a smart tap with a file, and, by means of the portion of the broken bulb remaining attached to the stem, the contents of the calorimeter were thoroughly mixed.
In less than a minute the thermometer in the calorimeter reached a maximum, and at once began to fall; this fall was observed for thirty seconds, and added to the rise of temperature observed.
From the data thus obtained, the specific heat of the mixture formed being known, the number of units of heat evolved by 5 grms. of the mixture was calculated. Section III.-Boiling-points.
About 100 cub. centims. of the mixture whose boiling-point was to be estimated were placed in a flask of about 200 cub. centims. capacity, closed by a doubly perforated cork.
In one of the perforations a thermometer was fixed in such a manner that its bulb was about \ inch above the surface of the liquid, whilst nearly the whole thread of mer cury was surrounded by the vapour of the boiling liquid.
The steady boiling of the mixture was ensured by the introduc tion of broken pieces of tobacco-pipes, previously ignited, into the flask.
In the second perforation a tube of moderately large diameter was inserted, which passed down to just beneath the surface of the liquid, the upper end being connected with a L iebig's condenser.
In this tube a lateral opening is made, by means of a blowpipeflame, just beneath the cork; and through the opening thus made the vapour from the flask passes into the condenser, whilst the con densed liquid runs down the tube, and is discharged just below the surface of the boiling liquid, having been raised nearly to the boiling-point in its passage down the heated tube. In this manner the composition of the liquid in the flask can be kept constant for a sufficient length of time to allow a tolerably accurate estimation of the boiling-point to be made.
It was found that the boiling-points of distilled water and absolute alcohol did not vary Too °f a degree, whether the vapour was allowed to escape freely into the atmo sphere, or was condensed and made to run back into the flask. It is, however, necessary to have the glass tube and condenser of a diameter large enough to allow the condensed liquid to run down on one side while the vapour escapes on the other. If this premdccclxix.
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caution is not taken, the condensed liquid is apt to block up the tube and prevent the free escape of the vapour; should this occur, the pressure in the flask is slightly increased, and a corresponding rise in the boiling-point at once takes place.
The thermometer employed had a range from 65° to 100° C., divided into tenths of a degree; and thus yoo of a degree could be read off!
The following Table gives the result of the experiments, the barometer standing at 744*4 millims.
The third column gives the boiling-points calculated on the assumption that the two bodies, alcohol and water, influence the boiling-points of the several mixtures in pro portion to the weights of each which those mixtures respectively contain. Section IV .-Capillary Attraction.
A capillary tube of convenient size and length is chosen, carefully cleaned with sul phuric acid, alcohol, and water, and then thoroughly rinsed out with the mixture under examination.
The capillary tube, thus prepared, is fixed vertically in an ordinary universal screw-clamp. A glass rod is taken, about the same length as the capillary tube; its lower extremity is drawn out and bent aside, so that it terminates in a point at some distance from the axis of the rod. A millimetre-scale is etched on the glass rod, and the vertical distance of the point from the lowest division of the millimetre-scale is carefully measured. This glass rod is fixed to the capillary tube by two india-rubber bands, the point of the glass rod being some little distance above the lower extremity of the capillary tube.
The liquid whose capillarity is to be estimated is placed in a small capsule, under neath the capillary tube. The capsule is supported on a stand, whose height can be delicately adjusted by means of three screws.
The stand is raised at first rapidly, then slowly, until the point of the glass rod just touches the surface of the liquid in the capsule. The moment when this contact between the point and the surface takes place can be observed with the greatest accuracy; and as the point is bent aside, it touches the surface beyond the influence of the capillary action of the external portion of the tube.
The height of the thread of liquid in the capillary tube is now to be read off by means of the scale etched on the glass rod. To do this with sufficient accuracy, a telescope, capable of horizontal and vertical movement, and furnished with cross wires in the eyepiece, is used.
A small U-tube, containing spirit, is fixed near the capilFlg-3. lary tube ; the eyepiece of the telescope is turned round till one of the cross wires ju st touches the two menisci in the U -tu b e; thus the cross wire is placed accurately horizontal. On slightly turning the telescope horizontally, and, if neces sary, raising it vertically, the horizontal wire can be made to touch the meniscus in the capillary tube, and at the same / time cut the divisions etched on the glass rod; the point / where the wire thus crosses the millimetre-scale is read off, ^-and thus the height of the thread above the surface of the liquid is determined.
This method gives very accurate results, if care be taken in the various adjustments.
The following Table gives the results obtained. Column 1 gives the percentage of alcohol by weight. Column 2 gives the observed height of the thread, in millims. Column 3 gives the height supposing w ater stood at 100 millims. Column 4 gives the length of a column of water equal in weight to the thread of alcoholic mixture in column 3, and affords, therefore, a measure of the relative strength of the molecular attraction in the various mixtures.
Column 5 gives th e heights calculated on the assumption th at they will be propor tional to the weight of the constituents of each mixture.
Column 6 gives the difference between Columns 4 and 5.
T a b l e X . A thread of mercury in the capillary tube, 121*5 millims. long, weighed 0*4426 grm., giving 0*584 millim. as the diameter of the tube.
The temperature at which the experiments were made was 16° C. The rate of expansion is determined by carefully estimating the specific gravity of the different mixtures, at the temperatures 10°, 15°*5, and 20° C.
The specific-gravity bottle employed is a rather large two-necked bottle of thin glass. In one of the necks a delicate thermometer is fixed, serving as a stopper; the other neck ends in a capillary tube about 120 millims. long; 100 millims. from the upper end a mark is etched on the tube, and the capacity of the bottle, when filled up to this mark, is carefully measured. As it is difficult to fill such a bottle exactly up to the mark at a particular temperature, the level of the liquid in the capillary tube is only roughly adjusted, and the distance of the surface of the liquid from the mark accurately measured. It was found that 1 millim. of the tube contained 0*00195 cub. centim.; this being known, the quantity of liquid contained in the tube above the mark could be calcu lated, and its weight subtracted from that found, in order to get the weight of the contents of the flask when filled up to the mark.
The thermometer is carefully ground in to fit the neck of the flask; it has a long thin bulb passing through almost the entire depth of the specific-gravity bottle. Its range was from 8° to 25° C., divided into twentieths of a degree; and with a telescope ^ny degree Centigrade could be read off.
The specific-gravity bottle is placed in a water-bath, surrounded by a double cylinder of tin plate.
The temperature of this water-bath is under perfect control by means of the following arrangement.
The water-bath contains a coil of metal tube like an ordinary condenser. The lower end of this coil is con nected with a second and smaller worm, which is contained in a small water-bath. The latter is heated by a lamp and kept gently boiling. The lower end of this second worm is bent upwards, and terminates in a long funnel. Any water poured into this funnel will pass, first through the worm, surrounded by boiling water, and be thus heated, and then through the tube in the waterbath containing the specific-gravity bottle, when it will give up its heat and raise the temperature of the waterbath. By regulating the flow of water, the temperature of this water-bath can be raised quickly, or kept constant at any desired point; so that with a little care the tempe rature can be raised in a few minutes from 10° to 20°, and kept within of a degree of the latter temperature for any length of time. To ensure a uniform temperature, the water is constantly agitated by the passage of a rapid current of air from below upwards.
The temperature of the bath is taken by a thermometer exactly similar to the one inside the specific-gravity bottle. 
Q
It was found that the temperature of the specific-gravity bottle could be kept within about -o°f a degree of the temperature of the water-bath; a more exact coincidence is not required, as the possible error thus made is quite within the unavoidable errors in filling, weighing, &c.
The bottle was weighed on a balance which turned readily with 0*0005 grm., the empty bottle being counterpoised by a second bottle of the same size and shape, to avoid any errors from hygrometric moisture.
The thermometer and barometer were observed every time a weighing was made, and the true weight in vacuo calculated in each case.
The mixtures were made by gradually diluting the stronger mixtures, from nearly absolute alcohol downwards; and after being made, the mixtures were exposed for twenty-four hours in the exhausted receiver of an air-pump, so that any air present might be removed.
Owing to a slight mistake in making some of the mixtures, they are not of the exact strength desired.
Weight of distilled water in specific-gravity bottle at 10°*0 C. 545*3507 grms., 15°*5 C. 545*0540 grms., 20°*0 C. 544*6705 grms.
The volume of the bottle will therefore be, adopting Matthiessen's results for the expansion of water, at 10°*0 C. 545*4985 cub. centims., 15°*5 C. 545*5843 cub. centims., 20°*0 C. 545*6585 cub. centims. Section VI.-Compressibility.
The compressibility was estimated in an apparatus similar to the one employed by R egnault and Grassi, but of simpler construction.
The pi^zometre is a cylindrical glass tube with spherical ends, and has a long capil lary tube attached at one end; it is about 150 millims. long and 32 millims. in diameter. The weight of water contained in it at 4° C. is 114-9727 grms.; and 1 millimetre of the capillary tube has a capacity of 0-000517173 cub. centim.
Air was forced into the apparatus by means of a small pump, and thus pressure was applied simultaneously to the inside and outside of the piezometre; the amount of pressure is ascertained by the length of a column of mercury supported by it. The compression produced is read off by a millimetre-scale etched on the capillary tube.
To the compressibilities thus found, 0-000002 was always added as a correction for the compressibility of the piezometre, this number being about the mean of the effect observed by Grassi when a glass piezometre was employed.
The numbers in the following Table are calculated for a pressure of one atmosphere. W ithout entering into any theoretical speculations, sufficient data for which they do not at present possess, the authors would point out certain relations, more or less inti mate, which connect the various physical properties of mixtures of alcohol and water, and which have been brought out by the above series of experiments. I t will be seen by a glance at Plate L X IV . that, with one exception e, expansion of 17 to 18 per cent, spirit), the numbers found never coincide with those calculated, as explained in the foregoing paper; in fact all the characters examined fall naturally into two classes-I. containing those which, at an alcoholic strength of 30 per cent, by weight, reach a maximum deviation from the num ber calculated, and II. those which reach a maximum deviation at 40 per cent. Each of these classes may be divided into two subclasses-one containing those properties in which the numbers found are above those calculated, and a second containing those in which they are below.
Class On examining these in detail some rem arkable facts will be noticed. In subclass Specific H eat, it will be seen, by Table V II. and Plate L X IV ., that the first addition of alcohol to water, though alcohol has a specific heat m uch less than th at of water, actually raises the specific h e a t; so th at a m ixture between 30 per cent, and 40 per cent, has the same specific heat as water.
On comparing the elevation of specific heats found, above the theoretical specific heats calculated as above, with the amount of heat produced by mixing, it will be seen (Plate LX IV .) th at mixtures producing the same amount of heat possess the same elevation of specific h e a t; and further, if the number of units of heat produced in the formation of any mixture be divided by 3*411 in each case, a num ber is obtained which expresses the elevation of the specific heat of such m ixture above its theoretical specific heat.
By thus calculating the specific heat from the units of heat evolved, or versa, numbers are obtained which agree so closely with the numbers found, that the difference is quite within the limits of experimental error ( In subclass b a somewhat similar relation exists between the boiling-points and capil lary attraction. Mixtures having the same depression of boiling-point have also the same depression of capillarity below that calculated; and the depression of the boilingpoint may be obtained by dividing the depression of capillarity, when water rises to 100 millims., by 3*410 (Tables IX. & X. and Plate L X IV .); or the curve giving the depression observed in capillarity will be nearly the same as that giving the depression of the boiling-point, if water be taken as rising to 29*3 millims. The numbers, however, thus obtained do not agree quite so closely as do those obtained in a similar manner with the specific heat and heat produced by mixing; but it must be remembered that the boiling-point cannot be estimated with the same amount of accuracy as the specific heat, whilst it also varies with the height of the barometer, and the capillary attraction with the temperature. It might thus be possible to select a temperature and pressure in which the relation between the two properties would be as perfect as that existing between the specific heat and the heat produced by mixing.
In Class II. subclass c (see Table X II. Plate LXIV.), the rate of expansion, is remark able, inasmuch as the first addition of alcohol, up to nearly 20 per cent., causes the rate of expansion to be below that calculated, whilst in all the rest of the mixtures the rate of expansion remains constantly above that calculated; and so a mixture about 17 or 18 per cent, has a rate of expansion identical with its theoretical expansion.
In subclass d it will be noticed (Table X III. Plate LXIV.) that the first additions of alcohol, although the latter is much more compressible than water, produce mixtures which are less compressible than water, so that a mixture between 45 and 50 per cent, has the same compressibility as water.
Other characters, which have been examined by previous experimenters, are:- Properties which are more nearly chemical than physical, as the solubility of various salts, have also been exam ined; some of these salts, as potassic chloride, reach a maxi mum deviation from the mean solubility at 30 per cent, alcohol; others seem to reach the mnyimnm deviation at 40 per cent, and 45 per cent. ; bu t the subject requires further investigation.
Thus the whole of the physical characters of mixtures of alcohol and water come to a maximum deviation from their theoretical values somewhere between 30 per cent, and 45 per cent, alcohol by w eight; the 30 per cent, alcohol nearly corresponds to the formula C2H 60 + 6 0 H 2, which actually gives 29*87 per cent.; whilst 45 per cent, is nearly represented by the formula C2 Hg O 3 O H 2, which really gives 46 per cent.
Some of the physical characters examined seem to be especially connected with each o th er; these a re :-1. Specific heat and heat produced by m ixing; for by dividing the number of units of heat evolved by 5 grms. of any m ixture by 3*411, the elevation of the specific heat of such m ixture above the theoretical specific heat is obtained. 2. Boiling-point and capillary attraction, which in a similar way can be calculated from each other. D e v il l e and H o e k have shown the specific gravity and index of refraction to be con nected with each other.
W hether these relations hold good with other similar substances, whether in fact these experiments have brought forward one example of a general law, or only disco vered a singular anomaly, m ust be left for further research to decide.
PHYSICAL CHARACTERS OF MIXTURES OF ALCOHOL AND WATER.
E x p l a n a t io n o f t h e P l a t e .
PLA TE L X IV .
UPPER HALF.
Curve 1 gives the specific h e ats; the vertical lines represent the percentage by weight of alcohol in this and all the following curves. The horizontal line gives the specific heat, w ater= 1 0 0 . Curve 2. The horizontal lines give the boiling-points in degrees Centigrade. Curve 3. The horizontal lines give the capillarity in millims., w ater= 1 0 0 millims. Curve 4. The horizontal lines give the expansion for 10,000 volumes. Curve 5. The horizontal lines give the compressibility in millionths.
LOWER HALF.
The vertical lines, as in the upper half of the Plate, give the percentage of alcohol.
4 N
MDCCCLX1X.
The horizontal lines in Curves 1-5 have the same significance as in the upper half, except that they give the deviations of the numbers found from the theoretical mean, instead of the numbers themselves. Curve 6 gives the heat produced by mixing, the horizontal lines representing units of heat. The zero line represents the mean value of all the properties. Those belonging to subclasses a and <?, specific heat, heat produced by mixing, and rate of expansion, are distinguished by a small circle round the points directly ascertained by experiment; while those belonging to sub classes b and d, boiling-point, capillary attraction, and compressibility, are similarly distinguished by a cross.
